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Introduction and Summary Different combinations of the beams from the 4 CERN Proton Synchrotron Booster (PSB) rings allow several PS injection schemes. Up to now, the 20-bunch-to-bucket transfer which brings sequentially to the PS level the beams from the 4 superposed PSB rings (Fig. la) has been used in operation. This transfer mode has recently been adapted to the higher intensity beam delivered by the new Linac. Last year two new modes of combining the 4 PSB beams were achieved to provide a high line density for p production on a cycle-to-cycle change basis: i) beams from two PSB rings are simultaneously ejected and vertically added in the transfer line and similarly for the other two rings leading to the so-called 10 bunch mode (Fig. lb) ; ii) a further gain in line density is obtained by the 5 bunch mode ( Fig. lc) : each of the two double beam batches is ejected from the PSB at a slightly different energy, trapped in five PS buckets after azimuthal shift and accelerated up to high energy. R. -'-r' ON i -Low-energy longitudinal addition (5 bunch mode)6 PSB ejection and PS injection The 4 PSB beams are recombined into two 5-bunch groups as previously described for the 10 bunch mode. As these 2 groups will be trapped in the PS with the phase loop switched off, the revolution frequency in the PSB is first tuned to exactly one quarter of the PS one. Then the ejection energy of rings 3 and 2 is increased (+2.5 MeV) by adjusting the synchronized acceleration frequency and the mean radial position. After vertical addition, the beams from these 2 rings constitute the first 5 bunch batch. Similarly the beams from rings 4 and 1 with a slightly decreased energy (-2.5 MeV) are recombined to form the second batch. Transfer of these batches requires phasing of the kickers to the correct frequency, and correction of the horizontal recombination trajectories to inject the beam with the nominal steering. The more energetic batch is injected on its external orbit by slight changes in the injection septum and kicker settings. The resulting oscillation of the less energetic batch around its internal orbit is reduced by means of an ejection kicker used at injection for this purpose. With the new modular injection kicker, different deflection strength can be applied to the 2 batches, allowing for injection without residual oscillation (Fig. 7) . 
I
It appears that: i) the 10 bunch mode provides a 50% increase of longitudinal density, with respect to the 20 bunch mode, without significant prejudice for vertical density; ii) the 5 bunch mode, in spite of its inherent losses leads to twice as many particles per bunch as in normal operation. Improved figures could be obtained with the future PSB beams, of higher vertical density9. From these 3 transfer modes, already used for the Initial Cooling Experiment, the 10 bunch mode is retained as part of densification for p production10. 
